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D scriptlon 

FIELD OF THE INVENTION 

5 This invention relates to certain low friction abrasion resistant polymer coatings. The polymer coatings 
consist of thermoplastic materials based on high density polyethylene (HDPE) blends exhibiting appropriate 
balance of crystallinity, durability and flexibility. 

BACKGROUND OF THE INVENTION 

10 

As is well known to those skilled in the art, window channel weatherstripping materials have traditionally 
been made from ethylene-propylene-diene terpolymers (EPDM) or thermoplastic elastomers (TPE). A 
thermoplastic elastomer is defined as a mechanical blend of fully or partially cross-linked rubber and 
thermoplastic material. One of the problems with these materials, however, is that they present too much 

75 friction relative to glass and as a result stick to glass. This stickiness to glass interferes with movement of 
the glass with respect to the weatherstripping and also contributes to a breakdown and degradation of the 
weatherstripping material. That problem has traditionally been overcome by flocking the surfaces of the 
weatherstripping material which reduces the friction and thereby eliminates sticking. 

The flocking process adds several steps to the manufacturing process including (1) abrading the 

20 weatherstripping surface; (2) applying adhesive; (3) applying flocking; and (4) baking. 

Recently, a variety of approaches have been taken to obviate the need for flocking. For example, 
European Patent No. 0 325 830 A2 teaches a coextruded blend of EPDM and a wear resistant thermoplastic 
such as polypropylene; French Patent No. 2,580,285 teaches a coating of low friction or self-lubricating 
material such as high molecular weight polyethylene; Japanese Patent No. 58/042,624 teaches a lubricant 

25 layer comprising crosslinked elastomer binder and a lubricating powder; West German Patent No. 3,405,973 
teaches sealing strips composed of a rubber or elastomer and plastic or woven textile strip which are 
coextruded; and Japanese Patent No. 61/104,842 teaches a rubbery elastomer comprising a rubbery 
elastomer substrate, a nylon resin film, and a primer layer set between them. The primer layer is composed 
of chlorinated polypropylene, acid anhydride, epoxy resin, and an amine curing agent. 

30 A low friction, abrasion resistant polymer coating would present several advantages over flocking. A 
more intimate contact between the weatherstripping and the glass would be achieved. Furthermore, such a 
coating could be coextruded with the weatherstripping material. Additionally, a coating being all polymeric 
would be more environmentally safe because such a coating would obviate the need for solvent-based 
adhesives now used with flocking. 

35 A need still exists for a low friction, abrasion resistant coating with good adhesion to the weatherstrip- 
ping material and good elasticity to prevent breaking upon flexing. Additionally, the coating should exhibit 
ultraviolet stability and a broad service temperature range. 

SUMMARY OF THE INVENTION 

40 

This invention relates to low friction, abrasion resistant coatings with good adhesion to the weatherstrip- 
ping materials and good elasticity to prevent breaking upon flexing. Additionally, the coating exhibits good 
ultraviolet stability and a broad service temperature range. 

The present invention provides a low friction, abrasion resistant polymer coating composition compris- 

45 ing: 

(a) a high density polyethylene component comprising a blend of 

(i) high molecular weight, high density polyethylene; 

(ii) low molecular weight, high density polyethylene; and 

(iii) medium molecular weight, high density polyethylene; and 

50 (b) an elastomer component comprising a blend of ethylene/propylene rubber and high density polyeth- 
ylene. 

Optionally, the composition comprises an ultra violet light resistant component blended to produce an 
appropriate balance of crystallinity, durability and flexibility. Additionally, by selecting the proper ultraviolet 
light resistant component, the color of the resulting coat may be controlled. 
55 Since abrasion resistance increases with increased density or increased molecular weight, high density 
polyethylenes (HDPE), with a minimum density of 0.945, are used in the coating of the invention. Preferably 
the density ranges between 0.950 and 0.970 with a density of about 0.952 most preferred. 



2 



EP 0 527 929 B1 



High density polyethylene polymers useful In the preparation of the coatings of the invention generally 
range ih molecular weight from 1,000 to 4,000,000, preferably from 100,000 to 800,000. 

Abrasion resistance is achieved with a blend of high density polyethylenes. Blends useful in the 
practice of the invention include bimodal molecular weight distribution (MWD) high density polyethylenes. 
5 Such bimodal MWD HDPEs have a high molecular weight component and a low molecular weight 
component. The high molecular weight component generally ranges in molecular weight from 100,000 to 
4,000,000, preferably from 100,000 to 800,000. The low molecular weight component generally ranges in 
molecular weight from 1000 to 50,000, preferably from 10,000 to 50,000. The high molecular weight 
component imparts both abrasion resistance as well as toughness. The low molecular weight component 
w contributes to processability. 

The above described bimodal polymer is combined with a medium molecular weight HDPE generally 
having a molecular weight ranging from 50,000 to 100,000, preferably from 80,000 to 100,000. This medium 
MW HDPE is present to enhance melt flow rates during processing. 

The amount of high molecular weight component in the blend of HDPE may range from 10 to 80 
75 percent by weight, preferably 10 to 60 percent, most preferably about 15 to 25 percent. The amount of 
medium molecular weight component in the blend of HDPE is preferably up to 80 percent, more preferably 
20 to 70 percent and most preferably 55 to 65 percent. The balance of the HDPE blend is made up of low 
molecular weight component. 

To impart coating flexibility and elasticity the above recited abrasion resistant polymers are blended 
20 with elastomers. Elastomers useful in the practice of the invention are blends of ethylene/propylene rubbers 
(EPR), such as Vistalon 503 brand EPR, with HDPE. Blends especially useful in the practice of the invention 
are blends of EPR and HDPE wherein the amount of EPR ranges from 99 to 50 percent. 

The ratio of HDPE blends to elastomer advantageously range from 3:1 to 19:1, preferably about 9:1 by 
weight. 

25 To achieve proper ultraviolet light protection an ultraviolet light resistant material may be blended with 
the above recited formulations. Preferred ultraviolet light resistant materials are carbon black formulations 
such as blends of carbon black with low density polyethylene (LDPE). Preferred blends range from 1 .0 to 
10.0, preferably 2.0 to 3.0, weight percent carbon black. Alternatively, hindered amines may be used as the 
ultraviolet light resistant materials. Use of hindered amines allows for the regulation of color to the coating. 

30 Preferred hindered amines are bis(2,2,6,6-tetramethyl-4-piperidyl)sebacates. The most preferred bis(2,2,6,6- 
tetramethyl-4-piperidyl)sebacate is commercially available under the name Tinuvin T770. 
An advantageous amount of Tinuvin T-770 ranges from 0.1 to 1.0 weight percent. 
In a preferred embodiment of the invention, stabilizing agents are blended with the above referenced 
formulations. Preferred stabilizing agents are compounds such as tetrakis [methylene(3,5-di-tertbutyl-4- 

35 hydroxyhydrocinnamate)]methane or bis(2,4-ditert-butylpheny!) pentaerythritol diphosphite. The most pre- 
ferred tetrakis (methylene(3,5-di-tert-butyl4-hydroxyhydrocinnamate)] methane compound is commercially 
available under the name Irganox 1010. The most preferred bis(2,4-di-tert- butylphenyl) pentaerythritol 
diphosphite is commercially available under the name Ultranox 626. 

The amount of Irganox 1010 to be added ranges from 200 to 1500, and is preferably about 900 ppm. 

40 The amount of Ultranox 626 added ranges from 200 to 1000, preferably about 600 ppm. 

Preparation of Coating Formulations 

The coating components as recited above were blended to form a homogenous physical mixture. 

45 The homogenous mixture was extruded at melt temperatures ranging from 193 *C to 215* C in order to 
homogenize, blend and pelletize the materials. The temperature range over which the homogenous mixture 
could be extruded is 180*C to 240 *C. The materials were extruded using a 24:1 Reifenhauser Extruder 
single screw extruder, although any extruder capable of processing the mixture could be used. The extruder 
used had a barrier screw with a Maddox mixer section and a 5 hole die. Extrusions may be conducted 

so under an inert gas atmosphere; the extrusions mentioned here were conducted under nitrogen. 

Preparation of Coated Weatherstripping 

Th coatings of the invention were coextruded with rubbery polymers, for example, EPDM. The 
55 extrusion was done at 190*C on a 24:1 single screw extruder; however, the type of extruder is not critical 
and the temperature used need only be sufficient to melt the polymer yet less than the temperature at 
which significant thermal degradation of the polymer occurs. The HDPE blends were extruded at 215* C on 
a 24:1 single screw extruder. After coextrusion the coated weatherstripping material was vulcanized for 2 



3 



EP 0 527 929 B1 



min. at 205 *C and then water cooled. A line speed of approximately 7 ft/min (2.13 m/min) was maintained 
throughout the extrusion process. 

Table I depicts various formulations, for polyethylene based polymers, which were tested. 

5 

TABLE I 

Polyethylene Based Coating Composition 

10 

COMPONENTS * ADDITIVES * * 

Talc I Talc II 



Sample 


HDPE% 


3MHDPE% 


ELASTOMER! 


CB% 


% 


% 




90 




10 


5 








60 


40 




5 






3 


54 


36 


10 


5 






4 


54 


36 


10 


5 


4 


6 



25 



30 



35 



40 



45 



50 



All samples contained 900 ppm Irganox 1010 and 600 ppm 
Ultranox 626 as stabilizing agents. 

HDPE -- Ml* (Melt Index at 190*C) = 7dg/min; 0.952 Density 

BMHDPE — bimodal HDPE MI - 0.07dg/min 0.952 Density 1:1 
blend of high molecular weight to low molecular 
weight 

Elastomer - 67/33% blend of Vistalon 503 brand 
ethylene/propylene rubber (more fully described 
in U.S.* Patent No. 4,895,897) and HDPE 

* Components are based on weight % of polymeric 
ingredients. 

** Additives are weight % based on total polymeric 
ingredients . 

CB — 1:1 blend of carbon black and LDPE. 

Talc I ~ Pfizer MP 12-50. 

Talc II — Pfizer Microtuf 1000. 



Co t^pa^J< £ fccu^p i 

55 

Table 2 depicts test results for abrasion resistance as well as coefficient of friction measurements. The 
test formulations were coextruded onto a thermoplastic elastomer, in the form of automobile window 



4 



EP 0 527 929 B1 



channels and then were tested as indicated. The Honda and Toyota abrasion tests are very similar and 
involve'cycling a piece of weighted glass back and forth at 1 cycle/second in the window channel. In the 
Honda test, the glass is weighted with a 1.5 kg weight while a 3 kg weight is used in the Toyota test. 
Satisfactory performance is achieved in each test if the coating withstands 10,000 cycles without cracking 

5 or wearing through to the underlying weatherstripping substrate material. The coating should have coeffi- 
cient of friction (COF) close to that of flocking that is to say close to 0.26. 

As can be seen all samples passed the Honda test. Under the more rigorous Toyota test only sample 3, 
a blend of 36 weight percent bimodal MWD polyethylene polymer with 54 weight percent medium 
molecular weight HDPE, passed the test. This sample exhibited only 10 percent wear after 10,000 Toyota 

w cycles, and still did not exhibit failure after 20,000 Toyota cycles. All samples exhibited COF values in the 
desired range. 

TABLE 2 



Polyethylene Based Coating Compositions Performance 


Sample 


Honda Cycles 1 


Toyota Cycles 2 


COF to Glass 


1 


10,000 


500 


0.18-0.25 


2 


10,000 


1,500 


0.18-0.24 


3 


10,000 


20,000 


0.22-0.23 


4 


10,000 


1,200 


0.19-0.26 



1 1.5 kg weight 
2 3.0 kg weight 

25 COF to Glass measurements made in accordance with ASTM D 1894. 



Table 3 depicts Shore D hardness, flexural modulus and melt index values for the polyethylene based 
formulations. Since all samples are HDPE based, the flexural moduli fall in a relatively narrow range. No 
correlation is apparent between abrasion resistance results and the flexural values. 

The talc filled sample exhibited a higher degree of stiffness and higher moduli than the corresponding 
talc-free samples. 
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As can be seen from the results in TABLE 2, Sample 3 showed dramatic improvement in the Toyota 
test. The polymeric ingredients of Sample 3 consisted of about 54 wt.% of medium molecular weight HDPE, 
55 18 wt.% of high molecular weight HDPE, 18 wt.% of low molecular weight HDPE, and 10 wt.% elastomer. 
When considering only the HDPE component the percentages are about 60 wt.% medium molecular weight 
component, about 20 wt.% high molecular weight component and about 20 wt.% low molecular weight 
component. 
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These coating compositions can be adhered as a layer onto a layer of rubbery polymers by known 
methods such as co-extrusion or lamination to form excellent weatherstripping materials. 

Claims 

1. A low friction, abrasion resistant polymer coating composition comprising: 

(a) a high density polyethylene component comprising a blend of 

(i) high molecular weight, high density polyethylene; 

(ii) low molecular weight, high density polyethylene; and 

(iii) medium molecular weight, high density polyethylene; and 

(b) an elastomer component comprising a blend of ethylene/propylene rubber and high density 
polyethylene. 

2. A polymer coating composition according to claim 1 wherein said high density polyethylene component 
(a) comprises from about 10 to 80 percent by weight of said high molecular weight polyethylene; 20 to 
70 percent by weight of said medium molecular weight polyethylene and the balance said low 
molecular weight polyethylene. 

3. The polymer coating composition according to claim 1 or claim 2 wherein said elastomer component 
comprises from about 50 to 99 weight percent ethylene/propylene rubber and 50 to 1 percent by 
weight high density polyethylene. 

4. The low friction, abrasion resistant polymer coating composition according to claim 1 comprising: 

(a) A high density polyethylene blend comprising: 

(i) 10 to 60 percent by weight of high molecular weight high density polyethylene; 

(ii) 20 to 70 percent by weight of medium molecular weight high density polyethylene; 

(iii) and the balance low molecular weight high density polyethylene and; 

(b) an elastomer component comprising a blend of 99 to 50 weight percent ethylene/propylene 
rubber and 1 to 50 weight percent high density polyethylene; 

wherein the ratio of said high density polyethylene component to said elastomer component ranges 
from 3:1 to 19:1. 

5. The polymer coating composition according to any one of claims 1 to 4 further comprising an ultraviolet 
resistant material. 

6. The polymer coating composition according to any one of claims 1 to 5 further comprising a stabilizing 
agent. 

7. The polymer coating composition according to any one of claims 1 to 6 wherein said EPR comprises 
67 weight percent of said elastomer component. 

8. A coated weather stripping material comprising: 

(a) a first layer comprising a rubbery polymer and 

(b) a second layer comprising a polymer coating composition according to any one of claims 1 to 7. 

9. The material according to claim 8 wherein said elastomer component comprises 67 weight percent 
ethylene/propylene rubber and 33 weight percent high density polyethylene. 

10. The material according to claim 8 or claim 9 wherein said polymer coating composition further 
comprises 1.0 to 10.0 weight percent of carbon black. 

PatentansprUche 

1. Reibungsarme, abriebbestandige Polymerbeschichtungszusammensetzung, die 
(a) eine Komponente aus Polyethylen mit hoher Dichte, die eine Mischung aus 

(i) Polyethylen mit hohem Molekulargewicht und hoher Dichte, 

(ii) Polyethylen mit niedrigem Molekulargewicht und hoher Dichte, und 

(iii) Polyethylen mit mittlerem Molekulargewicht und hoher Dichte umfaSt, und 
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(b) eine Elastomerkomponente umfaBt, die eine Mischung aus Ethylen/Propylen-Kautschuk und 
Pdlyethylen mit hoher Dichte umfaBt. 

2. Polymerbeschichtungszusammensetzung nach Anspruch 1, in der die Komponente aus Polyethylen mit 
hoher Dichte (a) etwa 10 bis 80 Gew.% des Polyethylens mit hohem Molekulargewicht, 20 bis 70 
Gew.% des Polyethylens mit mittlerem Molekulargewicht und als restlichen Bestandteil das Polyethylen 
mit niedrigem Molekulargewicht umfaBt. 

3. Polymerbeschichtungszusammensetzung nach Anspruch 1 Oder Anspruch 2, in der die Elastomerkom- 
ponente etwa 50 bis 99 Gew.% Ethylen/Propylen-Kautschuk und 50 bis 1 Gew.% Polyethylen mit hoher 
Dichte umfaBt. 

4. Reibungsarme, abriebbestandige Polymerbeschichtungszusammensetzung nach Anspruch 1 , die 

(a) eine Mischung aus Polyethylen mit hoher Dichte, die eine Mischung aus 

(i) 10 bis 60 Gew.% Polyethylen mit hohem Molekulargewicht und hoher Dichte, 

(ii) 20 bis 70 Gew.% Polyethylen mit mittlerem Molekulargewicht und hoher Dichte, und 

(iii) Polyethylen mit niedrigem Molekulargewicht und hoher Dichte als restlichem Bestandteil 
umfaBt, und 

(b) eine Elastomerkomponente umfafit, die eine Mischung aus 99 bis 50 Gew.% Ethylen/Propylen- 
Kautschuk und 1 bis 50 Gew.% Polyethylen mit hoher Dichte umfaBt, 

wobei das VerhSltnis der Komponente aus Polyethylen mit hoher Dichte zu der Elastomerkomponente 
im Bereich von 3:1 bis 19:1 liegt. 

5. Polymerbeschichtung nach einem der Anspruche 1 bis 4, die auBerdem ein gegen ultraviolette 
Strahlung bestandiges Material umfaBt. 

6. Polymerbeschichtungszusammensetzung nach einem der Anspruche 1 bis 5, die auBerdem ein 
Stabilisierungsmittel umfaBt. 

7. Polymerbeschichtung nach einem der Anspruche 1 bis 6, in der der Ethylen-Propylen-Kautschuk 67 
Gew.% der Elastomerkomponente ausmacht. 

8. Beschichtetes, Ritzen abdichtendes Material, das 

(a) eine erste Schicht, die ein kautschukartiges Polymer umfaBt, und 

(b) eine zweite Schicht, die eine Polymerbeschichtungszusammensetzung gemaB einem der Anspru- 
che 1 bis 7 umfaBt, 

umfaBt. 

9. Material nach Anspruch 8, in der die Elastomerkomponente 67 Gew.% Ethylen/Propylen-Kautschuk und 
33 Gew.% Polyethylen mit hoher Dichte umfaBt. 

10. Material nach Anspruch 8 Oder Anspruch 9, in dem die Polymerbeschichtungszusammensetzung 
auBerdem 1,0 bis 10,0 Gew.% RuB umfaBt. 

Revendications 

1. Composition de revetement polymerique resistante a I'abrasion, a faible frottement, comprenant : 

(a) un constituant du type polyethylene haute densite consistant en un melange 

(i) d'un polyethylene haute density, de haut poids moieculaire ; 

(ii) d'un polyethylene haute density, de bas poids moieculaire ; et 

(iii) d'un polyethylene haute densite, de poids moieculaire moyen ; et 

(b) un constituant eiastomere, consistant en un melange d'un caoutchouc ethylene/propylene et d'un 
polyethylene haute densite. 

2. Composition de revetement polymerique suivant la revendication 1 , dans laquelle le constituant du type 
polyethylene haute densite (a) comprend environ 10 a 80 pour cent en poids du polyethylene de haut 
poids moieculaire ; 20 a 70 pour cent en poids du polyethylene de poids moieculaire moyen et le 
pourcentage restant du polyethylene de bas poids moieculaire. 
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3. Composition de revetement polymerique suivant !a revendication 1 ou la revendication 2, dans laquelle 
le** constituant eiastomere comprend environ 50 a 99 pour cent en poids du caoutchouc ethyle- 
ne/propylene et 50 a 1 pour cent en poids de polyethylene haute densite. 

5 4. Composition de revetement polymerique resistant a I'abrasion, a faible frottement, suivant la revendica- 
tion 1 , comprenant : 

(a) un melange de poly^thylenes haute densite, comprenant : 

(i) 10 a 60 pour cent en poids d'un polyethylene haute densite, de haut poids molecuiaire ; 

(ii) 20 a 70 pour cent en poids d'un polyethylene haute densite, de poids molecuiaire moyen ; 
w (iii) et le pourcentage restant d'un polyethylene haute densite, de bas poids molecuiaire ; et 

(b) un constituant eiastomere, consistant en un melange de 99 a 50 pour cent en poids d'un 
caoutchouc Ethylene/propylene et de 1 a 50 pour cent en poids d'un polyethylene haute densite* ; 
dans laquelle le rapport dudit constituant du type polyethylene haute densite audit constituant 
eiastomere est compris dans I'intervalle de 3:1 a 19:1. 

75 

5. Composition de revetement polymerique suivant Tune quelconque des revendi cations 1 a 4, compre- 
nant en outre une matiere conterant une resistance au rayonnement ultraviolet. 

6. Composition de revetement polymerique suivant Tune quelconque des revendications 1 a 5, compre- 
20 nant en outre un agent stabilisant. 

7. Composition de revetement polymerique suivant Tune quelconque des revendications 1 a 6, dans 
laquelle le EPR represente 67 pour cent en poids du constituant eiastomere. 

25 8. Materiau de calfeutrage, muni d'un revetement, comprenant : 

(a) une premiere couche comprenant un polymere caoutchouteux ; et 

(b) une seconde couche comprenant une composition de revetement polymerique suivant I'une 
quelconque des revendications 1 a 7. 

30 9. Materiau suivant la revendication 8, dans lequel le constituant eiastomere comprend 67 pour cent en 
poids de caoutchouc ethylene/propylene et 33 pour cent en poids de polymere haute densite. 

10. Materiau suivant la revendication 8 ou la revendication 9, dans lequel la composition de revetement 
polymerique comprend en outre 1 ,0 a 10,0 pour cent en poids de noir de carbone. 

35 
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